Abstract
Introduction
Prostate cancer constitutes a major health problem in Canada and is the most common cancer among Canadian men and the third leading cause of death. 1 Treatment options include active surveillance, surgery and radiation therapy. 2 Over the past decades, there has been ongoing evolution and improvements to surgery. While radical open prostatectomy (OP) has been the gold standard treatment for decades, the da Vinci (Intuitive Surgical) radical robotic-assisted prostatectomy (RAP) has challenged the open approach with its 3D high-definition vision and advanced instrumentation. There is ongoing debate as to which approach is preferable and whether there are differences in outcomes between these approaches.
RAP has become the most common surgical approach in the United States. Lowrance and colleagues found that 67% of radical prostatectomies were done robotically among urologists who underwent board certification or recertification in 2010. 3 In addition, RAP has become the most common robotically assisted surgical procedure performed in general. 4 This widespread use of the robot, despites its added costs, has progressed in the absence of data showing superiority or equivalence of RAP over OP. 5 This is due in part to widespread marketing by institutions and manufacturers of RAP and public perception that new technology is inherently better.
We examine patient outcomes and financial consequences of introducing a da Vinci robotics system into an experienced academic urology centre by comparing consecutive open and robotic prostatectomy cases performed by 2 experienced surgeons. The RAP surgeon had a short learning curve of 70 RAP cases prior to this study.
Methods
The surgical technique for the open surgery follows the same principles as the anatomic radical retropubic prostatectomy described by Walsh and colleagues. 6 However, to improve outcomes, we modified the perioperative management of patients undergoing OP, including using a shorter incision (upper limit four finger-breadth below the umbilicus), avoiding a surgical drain if the anastomosis was watertight, using an incisional injection of local anesthesia, using an analgesia with ketorolac infusion, and encouraging hospital discharge on postoperative day 1. The surgical technique for the robotic-assisted surgery follows the same principles as the standardized technique, the "Vattikuti Institute Prostatectomy," as described by Menon and colleagues. 7 Data were collected prospectively through the patient database at the Vancouver Prostate Centre. Captured data included demographics, baseline tumour characteristics, perioperative complications, hospital length of stay, surgical margin status, postoperative stress urinary incontinence (defined as patient-reported use of more than 1 pad per day) and erectile dysfunction (defined as insufficient for sexual intercourse).
Differences between groups were assessed with the Student t-test for continuous variables and with the Fisher exact test for categorical variables. A p value ≤0.05 was considered statistically significant. Software used for statistical analysis was GraphPad QuickCalcs (GraphPad Software, Inc., La Jolla, CA).
Results
The 2 groups shared similar demographics, including mean age (64.7 vs. 64.2), mean body mass index (27.2 vs. 27.2), and rate of prior abdominal surgery (31% vs. 27%) ( Table  1 ). Compared to the RAP group, the OP group had higher baseline mean prostate-specific antigen (PSA) levels (11.2 vs. 6.6, p < 0.0001), a higher proportion of Gleason score ≥8 (30% vs. 7%, p = 0.0027), and a higher proportion of high-intermediate (22% vs. 10.5%, p = 0.0027) and high-risk (32.5% vs. 8.5%, p < 0.0001) cancers.
Operative room time was less for the open cases, with mean skin-to-skin time of 114.2 versus 234.1 minutes ( Table  2 ). Pelvic lymph node dissection was performed less often vs. 20%, p = 0.0071). Most of these were related to transient paralytic ileus from the transabdominal approach. In the earliest cases, several men required transfusions and there were several anastomotic leaks. Time to postoperative catheter removal was shorter for the OP compared to RAP groups ( Table 2) .
Consistent with a higher proportion of high-risk disease at baseline in the OP group, a comparison of prostatectomy pathology revealed higher grade disease in the OP group, with Gleason ≥8 in 23.5% compared to 3.5% in the RAP group (Table 3) . Despite this difference in case mix, positive surgical margin rates were similar (p = 0.18) at 31% for the OP group overall and 24.6% for the RAP group. Margin positive rates were also similar after stratification for pT2 (31% vs. 24.5%) and pT3 (43.5% vs. 51.2%) tumours.
We found similar postoperative outcomes in stress urinary incontinence rates at 12 months for the OP group (4.8%) and for the RAP group (4.6%) ( Table 4 ). Erectile dysfunction rates at 12 months were comparable, but showed a trend for better outcomes in the RAP group at 61.5% versus 72.8% for the OP group; this is consistent with the lower use of nervesparing approaches associated with higher risk disease. The biochemical-free status at 12 months was similar at 91.8% and 96% in the OP and RAP groups, respectively.
The added cost of robotic prostatectomy, calculated as the difference between open and robotic prostatectomy, was calculated as $5629 per case. This amount includes the incremental hours of operating room time, additional disposable supplies, depreciation and service contract costs associated with the robot.
Discussion
Healthcare costs are growing at unsustainable rates, driven in part by the development of innovative technologies that tend to improve medical outcomes and increase cost. Novel technologies that are either superior, or at least non-inferior and less expensive, can be particularly beneficial. Examples of the least cost-effective urological innovations include extracorporeal shock wave lithotripsy, intermittent androgen suppression, and active surveillance in localized prostate cancer. 8 In health care, these decrementally cost-effective innovations are rare since medicine is a distinctly "price insensitive" market, in part because incentives to control costs for physicians and patients are lacking. 
Open vs. robotic prostatectomy
The value of new technologically driven innovations is often not fully realized until the procedure becomes widely implemented. With healthcare costs growing at unsustainable rates, it is prudent to evaluate new technologies early and compare costs and outcomes to existing standards to ensure that no harm is being done to the patient population. Further economic analyses are highly dependent on the philosophy and healthcare system of the region or country under consideration.
Treating localized prostate cancer using either OP or RAP has been controversial. Unfortunately, a randomized controlled trial is difficult since patients are more inclined to decide for themselves on a particular surgical approach. Indeed, no randomized trial comparing open surgery and robotic-assisted surgery has been done so far. The published literature varies widely; in fact, some reports favour OP and other RAP.
A large population-based study by Hu and colleagues found that men undergoing minimally-invasive surgery (compared with open retropubic radical prostatectomy) for prostate cancer had a shorter hospital stay and fewer anastomotic strictures, but had more genitourinary complications, including incontinence and erectile dysfunction. 9 Schroeck and colleagues reported that after an OP, patients were more likely to be satisfied with their treatment, while those who chose a RAP had higher levels of regret. 10 Kang and colleagues published a review evaluating the quality of evidence comparing OP to RAP; they concluded that the robotic literature is limited to uncontrolled observational studies, many of which are methodologically poor. 11 Coelho and colleagues published a review of 58 studies showing similar overall complication rates with decreased operative blood loss and risk of transfusion with RAP. 12 The rate of positive surgical margins, incontinence and erectile dysfunction was also lower with RAP. Interestingly, the authors reported a 93.5% potency rate at 12 months following bilateral nerve-sparing RAP versus 60.6% for OP. A study from the Nationwide Inpatient Sample reported a lower transfusion rate, hospital stay as well as perioperative and postoperative complication rates with RAP. 13 A metaanalysis by Tewari and colleagues is the largest compilation of prostatectomy patients so far.
14 This report concluded that RAP is at least equivalent to OP in terms of margin rates and is associated with decreased perioperative and postoperative complications.
The guidelines from the National Comprehensive Cancer Network state that "In experienced hands, the results of laparoscopic and robotic-assisted approaches appear comparable to open surgical approaches." 15 The guidelines from the European Association of Urology state that "Systematic reviews of literature have concluded that laparoscopic and robotic-assisted surgery are followed by significantly lower blood loss and transfusion rate, but the available date are insufficient or of insufficient quality to prove the superiority of any surgical approach in terms of functional and oncologic outcomes." 16 The data from our study clearly support these conclusions. The introduction of robotics into a tertiary centre of excellence in prostate care did not result in a negative impact on patients, but at the same time has not replaced the open prostatectomy as the gold standard. Both procedures, as performed by "best of class" highly experienced operators have similar outcomes. Outcomes may continue to evolve with increased experience. However, in the absence of a randomized controlled trial, we must continue to prospectively monitor all patients to determine whether, in the Canadian healthcare system, the "end (dollar cost and operative room time) will ever justify the means."
In Canada, operating time and resource are precious and limited commodities. In this review, the significantly shorter operating room times associated with OP translated into 3 OP compared to 2 RAP cases being done in an 8.5-hour day. Also, the incremental cost of $5629 doubles the total cost of OP. Whether this additional cost associated with RAP is justified remains controversial, and can only be justified by quantifiable improvements in outcome or reduced costs by decreasing hospital stay. The actual cost of RAP is very variable in the literature and the true value may be more obvious when postoperative recovery time is factored in. 17 In this study, while average blood loss was 115 cc higher with OP, transfusion rates were similar. Low-grade perioperative complications, including paralytic ileus and urinary leak, were higher with RAP and likely associated with the intraperitoneal nature of the approach and the early experience of the surgeon. Length of hospital stay, if reduced in RAP, is a major factor that could balance costs; however, our analyses indicated that mean hospital stay is similar between OP and RAP, and identical at 1.7 days in the last 100 patients managed using a care pathway targeting discharge on postoperative day 1. Reduced hospital stay can be reduced by watertight anastomoses and avoidance of the surgical drain, local anesthesia injection in the wound, postoperative analgesia with ketorolac infusion, and a care pathway involving patient awareness of postoperative stay.
Procedural volume is known to affect oncologic and functional outcomes of radical prostatectomy, irrespective of approach. 18 The main strength of this study is that it provides contemporary data on the outcomes and costs of open and robotic prostatectomy at a single high-volume academic institution. The main limitations are the retrospective nature of the analysis and the lack of validated questionnaires for the postoperative evaluation of functional outcomes.
Conclusion
Rates of postoperative stress incontinence and erectile dysfunction appear similar in the OP and RAP group. This is particularly true where nerve-sparing approaches are used less frequently in the OP group because of high-risk disease. In addition, while the current study design is not able to provide sufficiently powered comparisons on cancer control outcomes between OP and RAP, positive surgical margins and PSA-free recurrence rates appear to be the same between the 2 approaches, particularly when risk-stratified. Future parallel prospective analysis of sequential robotic cases performed by the same surgeon will address the impact of the learning curve on the surgical, oncologic and functional outcomes of robotic prostatectomy.
